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ABSTRACT

Faced with increasing costs and decreasing federal
funds, wildlife managers are turning towards more energy
effecient and economical methods of attracting fall
migrating waterfowl.

The production of food by natural

moist-soil plants can b e encouraged in low lying areas
by timely dewatering and reflooding.

This study was

designed to determine which of two drawdown dates would
result in the greatest seed production b y plants known
to be valuable waterfowl foods.
A late July 1984 drawdown in an east-central
Illinois subimpoundment produced significantly more
smartweed (Polygonum spp.)

and pigweed (Arnaranthus

tamariscinus) seed than did a late March 1985 drawdown.
Estimated seed production by Cyperus spp. did not vary
significantly with a diffP.rence in drawdown date.
Beggarticks (Ridens spp.)
the early drawdown.

were more abundant following

Wild millet (Echinochloa crusgalli)

occurred on soils exposed early but did occur after the
late drawdown.
Seed production between plots was highly variable
even within the same year.

Interspecific competition

and differences in microclimate probably account for the
majority of this variability.

A drawdown b etween 15

June and 15 July is recommended to maximize seed
production of smartweeds, pigweed, and millets.

Drawdowns conducted during the early portion of this
period are more likely to result in the germination of
non-target problem species like cottonwoods and willows.

INTRODUCTION

Reports in the United States of plant colonization
of alluvial soils freshly exposed by receding water date
back to the early 1900's (Elmore 1901, Hanson 1918) .
The value of such mudflat emergent communities to fall
migrating waterfowl largely went unreported however.
Wildlife managers advocated stable water levels to
maximize waterfowl and furbearer production until the
late 1930's and early 1940's (Martin and Uhler 1939,
Anderson 194 0 , Zimmerman 1943, Moyle and Hotchkiss
1945) .

By the late 1940 's, many managers recognized

that periodic drawdowns were necessary to maintain high
productivity in wetlands (Hall et al. 1946, Addy and
MacNarnara 194 8) .

Griffith (1948) noted the importance

of manipulating water levels and recommended the
practice for controlling plant succession and maximizing
seed production of desirable food plants.

Ob servational

and experimental studies of seasonally flooded
impoundments in the 1950's and 1960's demonstrated the
relationship b etween different vegetation types and the
timing of water removal (Crail 1951, Kadlec 1962, Harris
and Marshall 1963, Meeks 1969, Bednarik 1972) .

More

recent research in Missouri and Illinois has been
directed at quantifying seed production by targeted
waterfowl food plants like millets (Echinochloa spp. ) ,
smartweeds (Polygo num spp. ), and flatsedges (Cyperus
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spp. )

(Taylor 1977, Knauer 1977, Anderson 1979) .
This study was designed to compare the seed

production of important waterfowl food plants as
affected by the timing of dewatering in an east-central
Illinois waterfowl hunting area.

STUDY AREA

The study was conducted on the Kaskaskia River
portion of the 2, 591-ha (6, 400 acre) Shelbyville Fish
and Wildlife Area (SFWA)

in east-central Illinois.

area is owned by the U.S.

The

Army Corps of Engineers and

leased to the Illinois Department of Conservation for
management.

The SFWA lies in Moultrie County, 24 km

(14.4 mi) northeast of Shelbyville, Shelby County
Illinois and encompasses the upper reaches of the 4, 494ha (11, 10 0 -acre) Lake Shelbyville.
The upper Kaskaskia drainage basin has a
continental climate with warm humid summers and
moderately cold winters.

Table 1 summ arizes the 1951-

1980 mean monthly temperatures and precipitation for
Mattoon, Coles county, Illinois, located 16 km (10 mi)
southeast of the study area.

Although highly variable,

annual precipitation averages 93. 95 cm (36. 99 inches)
with 43 percent falling during April-July.

January and

February are generally the driest months (Natl.
and Atmos. Adm. 1951-80 ) .
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Oceanic

Average monthly temperatures range from -3. 6 C
(25. 6 F)

in January to 24. 3 C (75 . 8 F) in July.

The

last spring freeze rarely occurs later than 25 April,
and the first fall freeze generally occurs about 20
October.

This provides for an average growing season of

approximately 180 days.
Precipitation recorded at the Lake Shelbyville dam
for the months April-August was 7. 27 cm (4. 73 inches)
below the average for that period in 1984 and 2. 44 cm
(0 . 96 inches)

below average in 1985 (U. S. Army Corps of

Engineers, unpubl. data) .
Soils within the subimpoundment are typically firm,
dark gray to black silty clays containing variable
amounts of fine sand (Silver 1977) .
Vegetation was analyzed in the 147. 4-ha (364-acre)
Fish Hook subimpoundment.

The area was row-cropped

prior to the completion of Lake Shelbyville in 1970, and
has been managed for waterfowl hunting since 1973.
Recent management tactics involve a combination of row
crop farming and moist-soil plant production.
Fluctuating water levels during the spring and early
summer have necessitated a shift toward the more
reliable technique of moist-soil management.

Drawdowns

are conducted annually to provide conditions suitable
for the germination of moist-soil plants.

Levee repair

and the control of undesirable vegetation requires
drawdowns earlier than normal and occasionally allows
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for the production of some corn.
The rising lake overtopped the subimpoundment
levees in late April 1984 and did not recede
sufficiently to expose mudflats until about 10 July.
Approximately 5 0 percent of the area was exposed on 20
July.
In 1985 , normal drawdown conditions were reached b y
1 April and maintained for 30 days.

On 1 May, gates

were opened to allow the subimpoundment to equalize with
the lake level which was approximately 0 . 3 m lower.
This elevation was maintained until September.

METHODS

In 1984, newly exposed mudflats were colonized b y
plant associations occurring in visually distinct zones
around small pools of water trapped below the elevation
of normal drainage.

One transect was established at a

right angle to a tangent on the shoreline of each of
three pools.

Transects were extended up the slope until
Transect lengths were 90,

upland habitat was reached.
15 0 , and 20 0 meters.

Species occurrence and percent

coverage was determined in 0 . 1-m circular plots at 5 -m
intervals along the transect.
Ab ove-ground b iomass was collected from 31 August
to 15 September within 0 . 25-m

quadrats located one

third and two thirds into each zone of each transect.
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These data are not presented in this report as they did
not correlate with seed production.

Rising water levels

in early October limited time for seed collection.
Consequently, seed heads or whole plants with attached
seed were collected on 4 October from one 0 . 1-m circular
plot located along the transect at the middle of each
zone.
The 1985 drawdown was initiated about 25 March,
four months earlier than normal, to facilitate ground
surveys, aerial photography and levee repair.

To ensure

adequacy of sampling, the area was subdivided into four
compartments and ten sample points were randomly
determined in each compartment for a total of 40
·samples.

Seeds were collected from 27 September to 2

October from each sample point.

Seeds that had

shattered on the ground were estimated each year, for
each plot, from counts of seed in three subplots.

It

was important to include seed on the ground because
nearly 5 0 percent of all plots contained such seed.

The

number of seeds per square meter averaged just over
10 , 0 0 0 for the two years combined.
All samples were transported from the field to the
laboratory in paper bags and allowed to air dry.

Whole

plants and seed heads were then hand thrashed and
cleaned with a small "Clipper" seed cleaner.
samples were oven-dried at 100 C (212

Seed

F) for 48 hours

and weighed to the nearest 0 . 0 0 1 gram on an analytical
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balance.

For each species collected, five one-gram

subsamples were further cleaned by hand.

Although it

was impossible to entirely separate all of the chaff
associated with the smallest seeds, a correction factor
was derived to account for a portion of the chaff
weighed in the original sample.

Estimates of seed

production per plot were adjusted upward to account for
seed that had shattered on the ground by using a mean
weight per seed.

Total grams of seed per plot were then

expanded to form an estimate of production in kilograms
per hectare.
This method underestimates total seed production
because shattered seeds of some species may germinate
prior to sampling.

Rodents and birds may also remove

maturing and ripe seed.

Repeated samples and catchpans

have been used in other studies to better estimate total
seasonal seed production (Neely et al.
1977, Taylor 1977) .

1955, Knauer

These techniques tend to

overestimate the amount of food available to waterfowl
at the time of reflooding, however.
Production by species of Cype rus, Polygo num, and
Bidens were grouped by genus.

Mean seed production by

species or genus was compared between years using the
Mann-Whitney non-parametric test.
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RESULTS

Although species composition along the transects in
1984 remained fairly constant, species dominance, as
determined by percent coverage, did not.

Zones were

identified by the dominant species within them.

Changes

in dominance were abrupt and zones were readily apparent
to the casual observer.

Zonation in 1985 was much less

obvious and restricted to narrow bands at the lowest
elevations.

The remaining stand of vegetation was much

more homogeneous than that of 1984.
Where differences between years can be
demonstrated, seed production was greatest following a
late July drawdown (Table 2) .

Wild millet (Echinchloa

crusgalli) was not present on the area in 1984.
Beggarticks (Bidens comosa, B.

vulgata) , and Ammania

coccinea were not collected in 1984.

Bidens growth in

that year.was sparse and occurred primarily on the
highest, driest zones.

Arnmania was present in 1984 but

only grew a few centimeters tall and failed to produce
seed during the short growing season.
(Echinchloa frumentacea)

Japanese millet

was present in both years but

was aerially seeded in 1984 and volunteered in 1985 .
Comparisons of these species between years is therefore
not possible.
Cyperus esculentus was the most common flatsedge in
both years and was nearly always found growing in
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association with C. erythrorhizos.

Cyperus strigosus

was common in 1985 but was not observed in 1984.

This

flatsedge was rarely found growing with other species of
Cyperus.

Total seed production by Cyperus was similar

in both years.
Pigweed (Arnaranthus tamariscinus} was present in
both years of the study but produced the greatest amount
of seed following the late July drawdown in 1984.
Pigweed was generally found growing with Polygonum,
Cyperus, and Echinochloa.
Polygonum lapathifolium was the most common
smartweed in both years, although P. pensylvanicum was
also present.

Polygonum coccineurn was present in small

isolated clumps but did not occur in the samples.
species failed to produce seed in 1984.

This

In 1985, the

plant flowered but was disked under to prevent seeding
because it is considered an undesirable species in the
subimpoundment.

DISCUSSION

Seed production by Cyperus in Missouri (Fredrickson
and Taylor 1982) varied little with drawdown date and
was similar to that observed in this study (Table 3) .
Low and Bellrose (1944) estimated seed production by
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Cyperus growing in lakes with fluctuating water levels
at 4 0 8 kg/ha.

Cyperus seed production appears rather

consistent with little variation evident between
different summer drawdown dates.

In both years of my

study the densest stands of flatsedge were observed on
moist soils at lower elevations.

Cyperus may be better

adapted to such conditions or its reduced density at
higher elevations may be the result of competition with
other species.
Pigweed has been reported to grow on sites somewhat
drier that other common moist-soil plants (Bellrose and
Anderson 1943, Havera et al. 1980 ) .

In my study pigweed

was generally found growing in association with
flatsedges and smartweeds, suggesting similar
requirements.
Smartweeds produced much more seed following the
late drawdown in my study.
(1982)

3) .

Fredrickson and Taylor

observed opposite results in their study (Table

Low and Bellrose (194 4 ) estimated mean Polygonum

seed production at 955 kg/ha.

Davison et al.

(1955)

reported smartweed seed production in Florida to be
about 1680 kg/ha and Singleton (1951) calculated seed
production in Texas at 651 kg/ha.
Similar amounts of seed were produced by wild
millet (Echinochloa crusgalli) following early drawdowns
on this and a Missouri study area (Tables 2 and 3) .
Other researchers have documented the following seed
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production: 2, 925 kg/ha (Low and Bellrose 1944) , 910
kg/ha (Singleton 1951) , 1, 680 kg/ha (Davison et al.
1955) , and 2, 0 47 kg/ha (Anderson 1979) .

Bidens seed production has rarely been reported.
The early 1984 drawdown in my study resulted in amounts
similar to that produced following both early and late
drawdowns in Missouri (Tables 2 and 3) .

Fredrickson and

Taylor (1982) suggest that this species is found on
drier sites, particularly following drawdowns after 1
However, such a drawdown in 1984 resulted in

July.

insignificant Bidens production in my study.

Kadlec

(1962) found the densest growths of beggarticks on moist

areas exposed early in the season.

The extensive stands

produced on mudflats exposed in April of 1985 may have
been a result of the early dewatering or the dry
conditions that followed.

These plants occupied the

highest and driest contours exposed first, and were
closely associated with a dense growth of Eupatorium
serotinum.

Havera et al.

(1980) classified Bidens as

plants produced by early drawdowns but with a wide range
of tolerance.
Recommended dates for dewatering vary greatly.
Southeastern coastal marshes are drawn down in February
and March to allow smartweeds to germinate ahead of
annual grasses (Neely 1956, Sanderson and Bellrose
1969) .

Early spring drawdowns have also been

recommended in Ohio to allow smartweeds (Polygonum spp. )
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to develop ahead of more vigorously growing species
(Harter 1966) .

In contrast, Hopkins (1962) reported

that drawdowns earlier than late May or early June in
Wisconsin result in immediate germination and growth of
species capable of competing with and eventually
displacing smartweeds, even in the first year.

In

Missouri, drawdowns designed to promote growths of
moist-soil plants begin as early as April (Toll 1969,
Rundle and Fredrickson 1981) .

Several papers report the

value of May drawdowns for producing smartweeds (Crail
1951, Cummings 1969, Linde 1969, Timmerman 1969,

Bednarik 1972) .
In Missouri, early to mid-June drawdowns produced
rank growths of wild millet (Echinochloa crusgalli)
(Crail 1951) and smartweed (Terril and Shanks 1956) ,
while a late June drawdown maximized production of wild
millets.

In Maryland, heavy growths of smartweed and

millet resulted from a late June drawdown (Addy and
McNamara 1948) .

Uhler and McGilvery (1969) reported

that mudflats exposed by June in Maryland resulted in
heavy growths of red-rooted nutgrass (Cyperus
erythrorhizos) .

A 20 June drawdown date was suggested

for middle Atlantic states (Foley 1972) .

This date was

the latest possible yet early enough to allow seed
production by fast growing species like millets, rice
cutgrass (Leersia oryzoides) , and annual smartweeds.
Crail (1951) documented the production of chufa (Cyperus
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esculentus), thin stands of wild millet, and annual
weeds, chiefly cocklebur (Xanthium sp.), by dewatering
from mid- to late June.
A Missouri waterfowl management guide recommends
draining in late June to grow wild millet or early July
to grow smartweeds (Brakhage 1964) .

Bellrose (1941)

advocated a 1 July drawdown in Illinois for growing
smartweeds (Polygonum spp. ), nutgrasses (Cyperus spp. ),
millets (Echinchloa crusgalli, E.

frumentacea), water

hemp (Acnida tuberculata) , teal grass (Eragrostis
hypnoides), and rice cutgrass (Leersia oryzoides).
Exposing mudflats on this same date in Missouri resulted
in an excellent stand of wild millet (Echinochloa
crusgalli) in addition to large-seeded smartweeds
(Polygonum pensylvanicum, P. coccineum) whereas earlier
drawdowns produced inaccessible growths of nodding
smartweed (Polygonum lapathifolium) (Burgess 1969) .
Studies in Missouri also suggest that July drawdowns
promote the production of chufa (Cyperus esculentus)
(Harmon 1955, Terril and Shanks 1956).

In Illinois,

drawdowns earlier than 15 July result in black willows
(Salix nigra), cottonwoods (Populus deltoides), and soft
maples (Acer saccharinum) volunteering on exposed
mudflats (Bellrose et al. 1979).

Pederson (1982)

advocated flooding until 15 July to retard shrub
colonization in the Illinois River valley.

Generally,

dewatering from 10-15 July is recommended in Illinois to
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optimize growth and seed production of moist-soil plants
before the first fall frost (Sanderson and Bellrose
1969, Havera et al. 1980, Bellrose et al.

1983) .

Even on the same area and with similar drawdown
dates, seed production by moist-soil plants can vary
considerably from year to year (Fredrickson and Taylor
1982) .

Factors which affect plant production include:

a) rainfall; b) plant succession; c) previous plant
communities; d) seed availability; e) competition; f)
the date of the last soil disturbance; and g) the speed
of mud flat drying or drawdown rate.

Edaphic factors

like soil chemistry, type, temperature, and moisture are
also important.

These factors are rarely identical from

year to year or at different geographical locations.
Variations in microclimate and interspecific competition
probably account for the extreme ranges in seed
production noted in my study (Table 2).

The variation

observed in 1984 was less, in part, because sample plots
were located in zones of similar vegetation.
Annual drawdowns repeated for three-five years have
resulted in reduced seed production and a shift from
seed-producing annuals towards perennial species (Meeks
1969, Fredrickson and Taylor 1982).

Periodic soil

disturbance is necessary to reverse this trend.

Year to

year comparisons of seed production on the same site are
complicated by this phenomenon.
Managers and researchers are advised, wherever
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possible, to conduct comparisons within the same year on
units with similar management histories.

This technique

should reduce the number of variables confounding the
interpretation of results.

Weller (1978) advocated such

an approach when he recommended that marsh management
research be conducted in an isolated, artificial, multi
unit marsh complex designed exclusively for
experimentation.

Local studies are invaluable for

improving the predictability of vegetation response
following varying drawdown dates on a given area.

RECOMMENDATIONS

Based on the results of an extremely early and late
drawdown it appears that seed production by smartweed,
wild millet, and pigweed can be maximized by a mid- to
late summer dewatering.

Previous experience with

drawdowns on the study area and information from other
midwest research suggests that the optimum date for
east-central Illinois falls somewhere between 15 June
and 15 July.

Drawdowns during the early portion of this

period may promote undesirable growths of willows,
cottonwoods, and maples.
Disking moist-soil units every three to four years
should improve seed production by desired annuals.

Soil

disturbance may temporarily reduce seed production in
the year of treatment, particularly in dry years and
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without irrigation.

However, seed production and plant

species composition the succeeding years should more
than compensate for this reduction.
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Table 1.

Monthly precipitation at Lake Shelbyville,

Illinois for

1984-85, and monthly temperature and precipitation averages for the

period 1951-1980 at Mattoon, Illinois.

a

b
Precipitation (in.)
Average

Average

1951-1980

1951-1980

Month

1984

1985

Jan

0.55

1.34

1.90

25.6

Feb

2.75

3.96

1.96

30.3

Mar

2.89

5.12

3.26

39.9

Apr

6.04

4.12

3.75

52.9

!-fay

4. 77

2.00

3.71

63.0

Jun

0.38

6.74

4.19

72. 4

Jul

2.01

1.08

4.27

75.8

Aug

1.41

4.44

3.14

73.8

Sep

5.10

0.35

3.05

67.2

Oct

3.24

1.46

2.32

55.2

Nov

4.93

9.62

2.73

41.9

Dec

2.69

4.00

2.71

31.3

36.76

44.23

36.99

52.4

Annual
8

National Oceanic and Atmos.

b

Centim�ter�

co
c

I.

/

5 9
=

I

Mean temperatures ( oF)

=

(°F

2.54 incl\es
.-

32)

Adm., Natl.

Climate Center

C

Table 2.

Estimated seed pro1uction

Moultrie county,

(kg/ha)

Fish Hook subimpoundment,

I l linois.
15 July

Species
Cyperus spp

by selected moist-soil plants,

x

1984

a
Drawdown

Range

s.o.

25 March

x

1985

S.D.

a
nrawdown

Range

211

152

79.7-

454.1

243

356

0.8-1563.2

.Amaranthus tamariscinus

172

127

41. 4

319.8

83

222

0.2- 857.7

Polygonum spp.

607

450

77.1-1082.2

60

81

0.5- 337.2

1989

1482

279.9-3474.8

159

211

2.8- 532.0

199

280

1.1-

No seed

101

91

5.9- 333.6

Not collected

305

182

5.1- 597.8

•

c
Echinochloa frumentacea
Echinochloa crusgalli
�Jllill ania coccinea
B-idens spp.
a

N

=

10 (1984):

N =

40 (1985)

b
Mann-W
itney U Test
h'

c

Aerially seeded in 1984

Not present

880.1

Pb
P}0.20
0.02(P<0.05
P(0.002

Table 3.

Estimated seed production

(

x

kg/ha, air-dried) by selected

moist-soil plants at Mingo National Wildlife Refuge, Missouri
(adapted from Fredrickson and Taylor 1982).
Drawdown date
15 May

Species

15 May

-

1 July

197

153

1100

110

Echinochloa �rus�alli

195

1095

Bidens spp.

225

376

Cyperus spp.
Polygonum

spp.

